Background: The role of family history in determining excess risk of coronary heart disease (CHD) in South Asians compared with Europeans is unclear. We hypothesized that family history would be more strongly associated with CHD in South Asians. Methods: We performed cross-sectional analyses of 20-year follow-up data from SABRE (Southall And Brent Revisited) population-based study. Initial recruitment (1988)(1989)(1990)(1991) was by random selection from general practitioners' lists in north-west London. 974 Europeans and 734 South Asians completed follow-up questionnaire (2008)(2009)(2010)(2011) and had complete CHD and family history data. 831 participants without cardiovascular disease had complete coronary artery calcium (CAC) data. Results: South Asians with family history of CHD were more likely to have diagnosed CHD (odds ratio 1.71 [95% CI 1.21, 2.42]; p = 0.002) and more previous CHD events (regression coefficient 0.44 [0.16, 0.72]; p = 0.002) than those without family history, independent of biological and sociodemographic risk factors. Family history associations with diagnosed CHD/number of events were weaker in Europeans (odds ratio 1.11 [0.78, 1.57]; p = 0.562/regression coefficient 0.02 [−0.25, 0.30]; p = 0.878), largely explained by biological risk factors. South Asians with family history had modestly increased CAC burden compared with Europeans. Conclusions: There were markedly stronger associations between family history and clinical CHD in South Asians, and a similar trend for subclinical CHD. Early preventive and therapeutic interventions are particularly important in South Asians with a family history of CHD.
Introduction
Coronary heart disease (CHD) is the leading cause of global mortality and morbidity [1] with a particularly high burden in South Asians [2] . Approximately 3 million South Asian migrants live in the UK [3] and experience both earlier onset and three-to four-fold increased risk of CHD, unexplained by conventional risk factors [4, 5] .
The aims of this study were to compare cross-sectional associations between family history of CHD and 1) subclinical CHD, 2) diagnosed CHD, 3) number of previous CHD events in a group of British South Asians and Europeans. We hypothesized that family history would increase CHD risk in South Asians to a greater extent than in Europeans. We also aimed to examine the extent to which the family history effect, capturing genetic and early life influences on CHD risk, would be explained by sociodemographic or biological risk factors in each ethnic group.
Methods

Data collection
We used data from the 20-year follow-up of the SABRE (Southall And Brent REvisited) cohort [6] . At baseline (1988) (1989) (1990) (1991) 2346 Europeans and 1710 South Asians (all first generation migrants) were recruited from general practitioners' lists in north-west London. Ethnicity was confirmed based on self-description and parental origins. At the 20-year follow-up (2008-2011) 1757 (75%) Europeans and 1349 (79%) South Asians were alive. Of survivors, 974 Europeans (55%) and 734 South Asians (54%) completed a family history, health and lifestyle questionnaire (n = 1708). 684 (39%) Europeans and 522 (39%) South Asians attended for clinical follow-up, including coronary artery calcium (CAC) measured in Agatston units (AU) using computerised tomography [6] . Subclinical CHD was categorised into four levels of CAC score (0 AU, 1-100 AU, N100-400 AU, N400 AU) [7] and excluded those with known cardiovascular disease (CVD). Diagnosed CHD/number of CHD events were identified from hospital admissions or primary care record review [5] . Family history of CHD was identified from self-reported diagnosis of angina or heart attack in parents or siblings at any age. St Mary's Hospital Research Ethics Committee (07/H0712/109) approved the study protocol, and all participants provided written informed consent. ethnic subsamples. The distribution of CAC score is right-skewed with excessive zeros (histogram and Skewness/Kurtosis tests). No transformation yielded normal distribution, so CAC score was classified into four categories. Generalized logistic regression (partial proportional odds) [8] provided odds ratios (ORs) and 95% confidence intervals (CIs) for associations between family history and CAC categories as the proportional odds assumption was not met. Logistic regression was used for diagnosed CHD (binary variable); ORs (95% CI) were reported. Number of CHD events is an over-dispersed count variable, therefore negative binomial regression was used and regression coefficients (95% CI) were reported. Interactions between family history and ethnicity were tested for each outcome. Model 1 adjusted for age and sex, model 2 added sociodemographic factors (smoking, years of education, early life circumstances), and model 3 added biological risk factors (diabetes, lipid lowering medications, antihypertensive medications). Model 4 included both sociodemographic and biological risk factors. Sensitivity analyses included complete case analyses and additional adjustment for HbA1 c , cholesterol:HDL ratio, waistto-hip ratio, systolic blood pressure and hypertension in clinic attenders (n = 1206). All analyses were conducted in Stata version 14.2.
Results
The mean (SD) age of the sample was 70.1 (6.4) years, and by design the majority (79.5%) were male. Family history of CHD was reported by 490 (50.3%) Europeans and 309 (42.1%) South Asians. South Asians experienced more CHD and more previous CHD events. Total CAC levels and CAC levels within each of the main coronary arteries were similar in both ethnic groups (Table 1) .
Among participants without diagnosed CVD, South Asians with family history were 1.28 times (95% CI 0.85, 1.93; p = 0.243) more likely to be in a worse CAC category compared to those without family history (model 1). The association was weaker in Europeans (OR 1.17 [0.85, 1.62]; p = 0.331) and largely explained by biological risk factors (OR 1.07 [0.77, 1.48]; p = 0.679), especially lipid lowering and antihypertensive medications (model 3). In fully adjusted model 4, the OR was 1.17 (0.84, 1.64; p = 0.357). In South Asians, however, the association between family history and CAC categories was unchanged after adjustment for sociodemographic or biological risk factors (fully adjusted OR 1.22 [0.80, 1.87]; p = 0.352) ( Fig. 1A) .
Among questionnaire responders, South Asians with family history of CHD were more likely to have diagnosed CHD (OR 1.91 [1.39, 2.63]; p b 0.001) and more CHD events (regression coefficient 0.53 [0.24, 0.82]; p b 0.001) than those without family history (model 1). These associations were hardly explained by sociodemographic or biological risk factors (OR 1.71 [1.21, 2.42], p = 0.002; regression coefficient 0.44 [0.16, 0.72], p = 0.002 in model 4). However, the associations in Europeans were weaker and largely explained by biological risk factors (OR 1.11 [0.78, 1.57], p = 0.562; regression coefficient 0.02 [−0.25, 0.30], p = 0.878 in model 4). Ethnicity x family history interactions were strong after adjustment for biological risk factors (OR 1.63 [1.01, 2.63], p = 0.046; regression coefficient 0.47 [0.08, 0.86], p = 0.019) ( Fig. 1B and C) .
Sensitivity analyses, additionally adjusting for HbA1c, cholesterol: HDL ratio, waist-to-hip ratio, systolic blood pressure and hypertension, did not alter the results. The associations between family history and the three outcomes in Europeans were largely explained by biological risk factors, especially lipid lowering medications and hypertension, while unchanged in South Asians. Results based on complete case analysis were consistent with primary analyses.
Discussion
Family history of CHD was more strongly associated with diagnosed CHD and with more previous CHD events in British South Asians than Europeans. There was also a trend towards increased association between family history and subclinical disease (CAC burden) in South Asians.
In Europeans adjustment for biological risk factors diminished family history effect, mostly due to adjustment for lipid lowering and antihypertensive medications-presumably partially mediating this effect. In South Asians, family history associations were independent of biological and sociodemographic risk factors.
Few studies have compared associations between family history and CHD outcomes in South Asians and Europeans. Associations between family history and CAC were stronger in US South Asians compared with non-Hispanic Whites in the MESA/MASALA studies [9] , although the study groups were larger and younger and South Asians were of higher socioeconomic position than in SABRE. In contrast, INTERHEART, a case-control study, reported equivalent associations across world regions between CHD and parental history, with minimal attenuation on risk factor adjustment [10] . However, as all cases were recruited with acute myocardial infarction within 24 h of symptom onset, there may be differential recall bias between cases and controls. Values are mean ± SD or No. (%). CHD, coronary heart disease; AU, Agatston Units. ⁎ p value comparing those with and without a family history of CHD within each ethnic group. † p value comparing only those with a positive family history of CHD by ethnicity. a A global measure of early life circumstances was calculated as a composite z score of father manual occupation, people/room at age 12 and household amenities at age 12, with higher scores indicating poorer early life circumstances.
Limitations of our study include the potential for recall bias of family history. However, in the subclinical sample, overestimation of family history is unlikely. Moreover, as South Asians in our study were first-generation migrants and might not have frequent contact with their family, reporting of positive family history was probably underestimated. Another limitation relates to our participants' relatively old age, missing selective early mortality in those with a strong family history of disease. However, this is likely to affect South Asians more than Europeans, given the earlier age at disease onset and potentially greater impact of family history. Consequently, a persistent excess risk of family history at an older age in South Asians is even more remarkable. In addition, the use of categorical variable of CAC due to the right-skewed distribution of continuous CAC score may lose some information in the analyses. However, the classification of CAC score has been published before [7] .
Conventional risk factors have not completely explained the excess CHD burden in South Asians [5] . A "thrifty gene" theory [11] may explain a shared predisposition to diabetes, obesity and CHD risk. Although these genes may confer a survival advantage when food is scarce, they may predispose individuals to cardiometabolic disorders in an obesogenic environment [2] . However, genome-wide association studies have not identified differences in allele frequencies or effect sizes in known loci to explain the increased CHD risk in South Asians, despite adverse cardiometabolic profiles being found in second and third generation of British South Asian children [12, 13] . This may suggest that pre-natal and early life exposures play a more important role in the excess CHD risk in South Asian immigrants, or that interactions between genetic and environmental exposures differ by ethnicity. It is also possible that differences in proinflammatory state, endothelial dysfunction or oxidative stress contribute to ethnic disparities [14, 15] .
Conclusions
Our findings of markedly stronger associations of family history with clinical CHD in South Asians, and a trend with subclinical CHD, unexplained by conventional biological and sociodemographic factors, have important research and clinical implications. We suggest that other factors contributing to excess risk of CHD in South Asians should be explored and that family history should be a strong incentive to instigate early preventive and therapeutic measures.
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